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Fusion of polyethylene:

Quality aspects

regarding

fusion joint preparation

Correct fusion joint preparation and the use of suitable tools has a large influ-
ence on the quality of the fusion produced. The oxide layer of the PE pipe must
be removed in accordance with the specified guidelines in order to achieve a
homogenous welded joint. Correct procedure throughout fusion preparation, as
well as the tools and aids used, have a decisive influence on the quality produced.

Requirements

All parties involved in a gas or water
pipe net have to follow the regulations
and the assembly instructions of the man-
ufacturers so that the constructed PE pip-
ing net functions over the minimum peri-
od of 50 years under the defined operat-
ing conditions.

Thus we can assume that:

The producers of the piping compo-
nents
The particular planner
The operator
The custom moulder
Those responsible for instructing and
training personnel
all pursue the same goal: to produce
quality (fig. 1).

Annual investments of over 4 billion
Euro in Germany for water and gas distri-
bution can only become a long-term prof-
itable investment if a 100% installation
quality is assured.

To uphold the quality standard, the fol-
lowing rules apply to all parties involved:

Basic factors of the planning

The organisation of the planning
The relevant quality standards and
guidelines (DVGW, DVS, KRYV, ISO,
DIN-EN etc.)

The assembly guidelines of the com-
ponent manufacturer and

The most up-to-date technologies

How can the quality of the
manufacturers be assured?

Every product being offered on the
market is usually controlled before being
shipped. This quality control measure
confirms primarily that the component’s
quality lies within the given tolerances.

Quality assurance goes significantly
further than this, intervening as early as
the ordering of the raw materials and con-
tinues right through to the distribution of
the manufactured product.

The individual production stages are
retraceable when a quality assurance
system is implemented. These ideas are
the basis of ISO 9000.
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Fig. 1: Generation of quality
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Before a product is placed on the mar-
ket, product-release tests have to be ful-
filled which are based on various stand-
ards. On top of that, these products are
often subjected to further tests which
have specific requirements. These speci-
fications, also known as company stand-
ards, exceed the national and internation-
al requirements.

How can the quality of the
pipe supply-system owners
be assured?

The pipe supply-system owners may
only assign work to certified pipe con-
struction firms (e.g. Germany — DVGW
GW 301) for pipe-laying work.

Accordingly, it has to be ensured that
only (going by DVGW GW 330) qualified
welders carry out the assigned work.
These pipe construction firms have to
avail of a welding supervision (according
to DVGW GW 331) and this supervision
has to be integrated into the company’s
quality cycle.

It appears to make sense that the client
should supervise the building site. A qual-
ified supervision can only be accom-
plished if the supervisor knows the proc-
ess very well so that he can intervene if
corrections have to be made.

The pipelayer has to supply the client
with the welding information (according
to DVGW GW 330). This information has
to be controlled by the pipe supply com-
pany and stored accordingly. Such PE
electronic welding data has been pro-
duced electronically for years and can be
stored by the pipe-system suppliers in a
data system. More recently, in addition to
the welding information, extended pipe
information can also be entered so that
the prerequisites for a so-called electron-
ic pipe sequence book exist.



Table 1: Wall-thickness reduction / chip thick-
ness with dependence on nominal outer pipe di-
ameter

Pipe outer diameter | A chip thickness
d S max.
[mm] [mm]
D32-63 =025
d75-225 =0,30
> d 225 = 0,35

How can the quality of the
processing of the products
be assured?

The pipelayer has to comply with the
demands of the regulating body, making
sure that the welding is done by qualified
PE welders. Apart from knowledge about
jointing techniques, these pipelayers
must also be knowledgeable on national
and international regulating bodies.
Knowledge about assembly, installation
and operating instructions should of
course be without question.

The necessary installation equipment /
aids as stated in the assembly instruc-
tions have to be available to the welder
and have to be applied by him. Apart from
making the work easier, the quality of the
welding is positively affected and is usu-
ally faster and saves on costs.

Prelude: “He who makes high de-
mands on a piping system is not allowed
to make any retrenches concerning the
product and, above all, the processing of
this product”.

PE materials

For the past few years, in addition to
PE80 material, PE100 has been used in
gas and water distribution. Cross-linked
PE, so-called PE-X, has also been availa-
ble on the market for some time. These
materials, although they all belong to the
PE material family, have different material
characteristics. In comparison to PES80,
PE100 can withstand higher operating
pressures. Walls made of PE100 don’t
have to be as thickly constructed as walls
made of PE80 to withstand the same
pressure.

A further characteristic is that PE100 is
harder than PE8O. This directly influences
the welding preparation process. This
material characteristic has to be taken
into consideration when processing.

Polyethylene is not UV resistant. For
this reason, UV stabilisers are added i.e.
additives which react / oxidise with the UV
rays on the pipe surface. This oxidation
layer protects the PE pipe from continu-
ous UV damage.

The oxidation of the PE material is not
visible and therefore cannot be seen by
the welder. This oxide coat prevents a con-
clusive material bonding between the 2
components to be welded. It is or acts like
a separating layer. Therefore, a fusion joint
between an electro-fusion product and PE
pipe requires a very clean, oxide-free sur-
face. Nowadays, this important process is
safeguarded by the use of rotating peeling
devices. Apart from a substantial econom-
ical advantage achieved by time-saving
work, these devices guarantee an excep-
tionally high processing quality.

Since the welder cannot retrace the
length of time the pipe has been exposed
to UV-rays, peeling must take place be-
fore welding even if no oxide layer is visi-
ble.

Fundamental, empirical values for the
removal of the oxide layer are available.
The removal of at least 0.2 mm pipe sur-
face is necessary. Maximal values de-
pend on the diameter of the pipe. If the
nominal minimum specified outer diame-
ter of the pipe is considered, then the wall
thickness can be reduced according to
table 1.

On the other hand, if the PE pipe is
within the permissible plus tolerance
range, the wall thickness reduction As
can become larger. Here, the medium
outer diameter of the pipe is decisive. It
cannot, however fall short of the minimal
permitted PE pipe diameter after peeling.

The values shown in table 2 are stand-
ard values; the details given by the fitting
manufacturer are to be adhered to.

The fusion process begins by removing
the oxide layer and is only completed af-
ter the cooling time. The welder has to su-
pervise the welded joint during the entire
process.

Tools for fusion seam prepa-
ration

Basically, there are two types of peeling
tools available on the market:
Peeler: chip removal with positive chip
angle
Scraper: chip removal with negative
chip angle

In picture 2, various peelers and
1 scraper are shown.

A further, significant characteristic of
scraper/peeler units is how they are fixat-
ed:

Fixation of the unit only on the pipe
end possible

Fixation of the unit on the pipe end as
well as the pipe segment possible

The types PT1E, PT2 and PT4 shownin
picture two belong to the apparatus for
processing pipe ends, the types PT3 and
RS can be used for both pipe ends and
pipe segments (necessary for saddle fu-

sion) i.e. can be freely positioned and in-
stalled on the pipe.

The final significant characteristic
makes a distinction between:

Apparatus for one pipe nominal diam-
eter (single tools) and
Apparatus for several pipe nominal di-
ameters (multi-tools).

PE1E, PT2 and PT3 belong to the “mul-
ti-tools”, PT4 and RS are “single tools” i.e.
only one apparatus per nominal pipe di-
ameter can be used.

The rotary peeling tools are to be
checked in regular intervals to ensure a
trouble-free, optimum operation i.e. they
are to be serviced. The removed diameter
difference is to be measured, not the
thickness of the removed chips. Depend-
ing on the frequency of use and function
mode of the peeling equipment, these ex-
aminations should be carried out every 2
to 4 weeks by the fusion supervisors or
the welder.

Table 2: Guideline figures for permissible
nominal diameter of pipes for minimum chip re-
moval

Dimension chip permissible PE
thickness | pipe thickness*
[mm] [mm]
20 0,2 19,6
25 0,2 24,6
32 0,2 315
40 0,2 39,5
50 0,2 49,5
63 0,2 62,5
75 0,2 74,4
90 02 89,4
110 0,2 109,4
125 0,2 124,4
140 0,2 139,4
160 0,2 159,4
180 0,2 179,4
200 0,2 199,4
225 02 224,4
250 0,2 249,3
280 0,2 279,3
Fills 0,2 314,3
355 0,2 354,3
400 0,2 399,3
450 0,2 449,3
500 0,2 499,3
* The information relates to the nominal PE
pipe diameter without + tolerance. Conclusion:
If the middle PE pipe outer diameter is at the
upper tolerance limit, the pipe striping can be
removed to the average reduced permitted PE
pipe diameter by peeling. In this case, the wall
thickness reduction can be larger.
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Fig. 2: Peeler types: a) Type PT1E, b) PT2,
c) PT3, d) PT4; example of a scraper: €)Type RS

Pipe laying aids

During fusion, the two components to
be joined are in a semi-liquid state to one
another. Throughout the process, the
components have to be kept in a tension-
free condition. This tension-free state is
safeguarded by clamps which in certain
cases can be an integral part of the fitting.
Other methods practised on building sites
cannot be recommended. For the sake of
a good pipe laying quality, these practises
should be avoided (fig. 3).

Other tools and devices available to en-
sure an efficient and professional installa-
tion of pipe net components are depicted
in picture 4.

Fusion parameters

The main fusion parameters dictate the
fusion process and affect not only the fu-
sion joint preparation but also the fusion
joint solidity. These parameters are:

Fusion pressure

Fusion time

Fusion temperature and
Fusion joint preparation.

Fusion pressure

The fusion pressure is mainly deter-
mined by the reaction between the

peeled PE pipe (reduced, peeled PE out-
er diameter) and the inner diameter of the
PE fitting. The design as well as the elec-
trical and energetic concept of the fitting
have also a large influence on the fusion
pressure.

If too much PE material is removed
from the PE pipe surface during peeling,
it negatively affects the fusion pressure
and thereupon the fusion joint quality. It is
of absolute importance that the oxide lay-
er is removed (at least 0.2 mm). It is clear
to see here that a limitation of the maxi-
mum pipe wall thickness reduction has to
be set in conjunction with the nominal
pipe outer diameter and its accompany-
ing plus tolerances (see table 2).

The new PE100 and PE-Xa materials
display a high degree of hardness so that
the oxide layer cannot be removed by a
scraper blade (manual scraper) with re-
producible quality. Numerous tests car-
ried out on electro-fusion joints with pipes
made of PE80O, PE100 and PE-Xa have
shown that a clearly better homogeneity
and integrity of the fusion joint can be
achieved by the use of rotary peeling
tools.

According to DVS 2207, part 1, appen-
dix 1, only mechanical preparation with
rotating peeling tools is recommended
when using PE-Xa. While rotary peeling
tools are cost-saving, efficient and above
all make reproducible results possible,
the scraping process using hand scrap-
ers essentially depends on the experi-
ence of the fitter.

Fusion time and fusion pressure

The fusion time and the resulting tem-
perature are determined by the fitting
manufacturer and, by means of a bar-

code or magnet card, this information is
made available to the fitter. This informa-
tion is read in by a light pen or by the
magnetic card reader of the electrical
welding machine. The welding machine
then carries out an automatic tempera-
ture compensation so that the various
surrounding temperatures are balanced.

Preparation of welding joint
Preparation of work area

The welder should create enough
space around the PE pipe so that he can
carry out the necessary fusion joint prep-
arations without significant hindrance.
Coarse dirt should be removed from the
pipe joint with a cloth or paper towel
(fig. 5a). The cleaning of the jointing area
is necessary so as to prevent an unnec-
essary erosion of the tools.

Cutting the PE pipe into lengths

The PE pipe is cut into lengths at right
angles by a coil pipe cutter, a fine-tooth
saw or a pipe cutter. Slanted or crooked-
ly-cut pipes are to be avoided. If, howev-
er, pipes are cut at a slant angle or
straight-cut pipes are not installed cen-
trally, the fusion pressure cannot be cor-
rectly built up and plasticized PE material
escapes into the pipe wall area, which
has a negative effect on the fusion joint
quality.

Peeling the PE pipe

The fusion area on the pipe is peeled
with a rotating peeling unit beyond the re-
quired insertion depth or saddle width
(fig. 5b).

Fig. 3: The use of holders versus conventional, time-consuming methods, which should be avoid-

ed in order to achieve good installation quality



Fig. 4:
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Cleaning

Only the peeled area of the PE pipe is
cleaned with a special PE pipe cleanser
(Tangit PE cleanser) and absorbent non-
fibrous paper. (fig. 5¢). It is important that
that the right towel, the right cleanser and
the right amount of cleanser are used. If
more than the peeled surface is cleaned,
the danger arises that dirt from the non-
peeled areas be transferred to the peeled
area by the cloth or the paper towel. Such
a contamination leads to a decrease in
the jointing quality.

Marking the insertion depth

The marking of the insertion depth of
fusion fittings should take place after the
cleaning. Extensive marking before peel-
ing should be avoided, as only a small
part of the indicated area will be peeled
(fig. 5d). There is a danger that the pen
marking will be removed when cleaning
(beyond the peeled area) and transferred
over to the fusion area. This can be avoid-
ed by first marking when the cleaning
process has been completed.

Installation of Electrofusion product

The electrofusion products are to be
installed according to the manufacturer’s
instructions  (assembly instructions)
(fig. 5e). Contamination of the fusion
area is to be avoided during the installa-
tion. Therefore, the PE fittings are only
now removed from the PE bags. In doing
so, the contamination of the fusion sur-
faces is avoided. The PE fitting may not
be mounted on the PE pipe under tension
and the pipe has to be protected against
positional changes by means of a clamp
throughout the fusion, until completion of
the cooling phase.

Fusion

The Electro fusion product mounted on
the PE pipe is to be fused according to

the operating instructions of the Electro
fusion machines and assembly instruc-
tions of the Electro fusion product
(fig. 5F). The fusion process is only com-
plete after the cooling phase.

If these regulations are adhered to, a
significant contribution on behalf of the
pipelayer to increase the fusion joint qual-
ity has been achieved.
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Fig. 5:

Welding of a saddle-type valve: a) Preparation of
the working area, b) Peeling of the PE pipe,

c) Cleaning, d) Marking of insertion depth,

e) Mounting of electro-welding product, f) Welding
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